The COVID-19 pandemic has been the most disruptive global event in modern surgery. Since the first presentation in Wuhan, China, at the end of 2019, the severe acute respiratory syndrome coronavirus 2 (SARS-Cov2) has spread to most countries around the world. Formally, a global pandemic was declared by the World Health Organisation on March 11, 2020. As the virus has become established in successive countries, the devastating impact has unfolded worldwide. Healthcare systems have encountered exceptional circumstances, experiencing unique challenges and requiring acute changes to services. Although originating in China, Europe became the early epicenter of the pandemic. The National Health Service (NHS) experience of COVID-19 started in February, 2020 and by April, 2020, the United Kingdom had the second highest recorded mortality figures in the world.

The impact on surgery has been acute and unprecedented. An overnight escalation in the risk profile of surgery has resulted in an immediate drop in the number of surgical procedures performed globally. Surgical services have been particularly affected due to the nature of COVID-19 transmission. Although infection can occur through multiple routes (droplet, direct contact, faecal to oral, fomites) the highest risk is associated with aerosolized generating procedures (AGP). Both anesthetic and surgical instrumentation of the pharynx or larynx, can produce significant aerosols. Many other routine operative procedures have also been identified as either high, or suspected high-risk, of viral transmission, therefore influencing intraoperative decision making and technical choices.

The NHS surgical response to the COVID-19 threat has mirrored that of countries earlier impacted, most notably to reduce operative traffic to urgent and emergency surgery only. The immediacy of the COVID-19 pandemic has generated a host of challenges across the field of surgery.

The current challenges fall into 3 main divisions: surgical patients, surgical workforce, and surgical process. By providing a detailed account of the NHS experience, we map the evolution of the UK\'s early phase response and provide an overview of the current status of the surgical landscape, as altered by the presence of COVID-19.

In the section on "Surgical Patients", we discuss COVID-19-related surgical issues affecting healthcare users. The restructuring of surgical services was advised nationally by public health organizations, and actioned locally, based on disease prevalence and clinical need. The grouping of surgical patients, and introduction of a national surgical prioritization system, were necessary to generate uniform language around decision making, and to help streamline essential surgery. A temporary cultural change, favoring conservative management, has been advocated by the Royal Surgical Colleges and specialities organizations. Accordingly, national guidance in support of medical management for conditions such as appendicitis and mastoiditis during COVID-19 demonstrates the unique modifications to routine surgical pathways, implemented in order to balance the pandemic related risks. The impact of these deviations from standard surgical management is not yet known and will inform future practice.

The limitations in patient screening for COVID-19 in the NHS have caused huge problems in surgical logistics. On account of poor availability of viral testing, long delays in processing and high false negative rates, many patients have had to be managed as suspected COVID-19 cases. The subsequent impact on resources has been costly.

Through establishing COVID-19 positive and negative surgical pathways, with segregation of different patient groups, the NHS has attempted to increase the safety of surgery. As hospitals are considered high-risk areas for COVID-19 transmission, attendance has been minimized wherever possible. All clinical areas have been assigned a COVID-19 status, which dictates the patient groups they can house. Appropriate isolation and personal protective equipment (PPE) measures are applied accordingly, reducing risk of transmission to patients and staff. Patients are managed in concordance with the results of screening investigations performed, their level of risk for infection, and vulnerability factors.

The current methods used for NHS patient COVID-19 screening are questionnaires, temperature monitoring, viral testing, and chest imaging. The gold standard for viral testing in the United Kingdom is a reverse transcription polymerase chain reaction pharyngeal and nasal swab for SARS-CoV-19 within the first 3 days of symptoms arising. The sensitivity of testing is problematic, with false negative rates of approximately 20%*.* This is explained, to some extent, by variations in viral expression throughout the course of the disease, rendering testing more unreliable. Unique NHS challenges have included the availability of viral tests and delays due to centralized processing.

Internationally, chest imaging has been shown to have a beneficial role in identifying COVID-19 in cases showing a negative pharyngeal swab. In the United Kingdom, the extension of routine imaging to include the chest should be considered in all surgical cases. Specifically, chest imaging is recommended for all acute abdominal presentations and in cases requiring postoperative critical care. Chest radiographs and computerized tomography scans both have a role in COVID-19 diagnostics.

The challenges surrounding patient screening in the NHS are multiple, and have been significantly impacted by the UK government\'s decisions not to perform routine COVID-19 testing of NHS patients or staff.

Within the "Surgical Workforce" section, we discuss the challenges experienced by NHS staff working in the field of surgery during the COVID-19 pandemic. Temporary staff absences due to sickness or required isolation, combined with redeployment, has seen an unparalleled reduction and redistribution of the workforce. The operating room environment has been subject to many necessary changes for the purposes of safety. Tasks within the operating room have been formalized into specific staff roles to streamline the intraoperative processes and increase safety.

Surgical schedules for all members of staff have been modified to ensure essential services are provided, with contingency cover, while minimizing nonessential staff exposure to the hospital environment. An emphasis on communication between staff at all levels has been essential to minimizing anxiety and improving safety.

The guidance on use of PPE for surgical healthcare workers in the COVID-19 pandemic has been particularly problematic. A high number of modifications to the PPE guidelines, and a national shortage of PPE, has had significant effect on staff availability and morale. We discuss the current PPE standards in the United Kingdom, including for AGP. Shortages of PPE, and its unsuitability for the female workforce have been highly publicized. Issues around PPE-related skin damage, as well as the impact of PPE on well-being, have had a demonstrable effect on the surgical team. The use of PPE significantly reduces operative efficiency. The impact on procedural duration will remain for an undetermined period of time, as there is continued need for this equipment.

Failures in early access to personnel testing led to absence of 20% of the NHS workforce. After many weeks of uncertainty, personnel testing for symptomatic NHS staff has now been introduced.

The effect of COVID-19 on surgical training has been staggering. All UK based courses, conferences, and examinations were suspended from March, 2020. Rotations were held, and trainees were told to provisionally accept the pandemic period as lost training time. Between surgical trainees, there has been huge variety in the COVID-19 related experiences. Changes to patient management decisions, operative opportunities, and adapted working structures have all had an impact.

Surgical trainees who have faced redeployment may have gained the unique experience of working through a crisis, with the development of alternative skills. Although redeployment may have provided a unique experience, trainees will have suffered a loss of surgical training opportunities. As a consequence, many trainees will require an extension to training, if their curriculum competencies are not met.

Although the usual structure of surgical training has been disrupted, some novel opportunities have emerged on account of COVID-19. In response to the training challenges, an explosion of online webinars, courses, and conferences have become available. These have encouraged international collaboration and strengthened surgical communities. COVID-19 has also provided a wealth of opportunities to redesign pathways, write guidelines, and develop NHS services, both during the pandemic and afterwards.

In the "Surgical Process" section, we discuss utilization of the World Health Organization safety checklist as part of the NHS\'s COVID-19 safer surgery response. Important discussions about staffing numbers, the use of designated areas for defined activities (clean and contaminated spaces), and limitations to operating room traffic are important essential components of these preoperative meetings. In many NHS operating suites, floorplans have not been designed for the potential event of aerosol transmission risk. Accordingly, a nationwide repurposing of the operating workspaces has been necessary for staff and patient safety. An example operating suite layout is provided from our institution, displaying the changes made on account of the COVID-19 pandemic. Airflow and ventilation in operating rooms has also been an NHS "hot topic" due to concerns that negative pressure ventilation systems (which are not routine in the NHS) may be superior to positive pressure systems.

Operating room availability has been dramatically reduced during the COVID-19 crisis. Reassignment of operating suites, enabling expansion of critical care capacity, was essential during peak prevalence. The surgical pathway for COVID-19 positive patients requires a higher number of staff, at a time of ongoing workforce depletion. At the same time, anesthetic staff have been divided between managing the extended critical care demands and operating rooms. On account of the subsequent reduction in operating capacity, choices have to be made about how operating rooms are best utilized. Accordingly, multiple speciality surgical prioritization discussions occur frequently, to enable appropriate selection of the most urgent and emergency cases.

From a technical point of view, surgery has also changed. National guidance has recommended a move towards conservative management of acute surgical conditions. Minor local anesthetic procedures for trauma are performed, when possible, in the emergency department or in trauma clinic procedure rooms. The downgrading of general anesthesia, to regional or local anaesthesia, offers safer surgery by reducing exposure to AGP. Operative techniques, also favoring safety, have seen the return of some more traditional methods, as surgeons employ adaptive working to reduce risk. In particular, the safety of laparoscopy in COVID-19 is unclear.

During these unprecedented times, the role of the surgeon in decision making, management planning, and risk stratification is key. Furthermore, communications with patients regarding management decisions influenced by the COVID-19 pandemic should be transparent. Discussions with patients about consent, ceiling of care, and resuscitation status are crucial and must be documented.

As the NHS appears to emerge from the peak, the resumption of elective surgery is being considered. Service availability will be locally dependant and dictated by operating room availability, equipment, and COVID-19 prevalence. In moving to the next phase of the pandemic, many new challenges lie on the horizon which we discuss within the "Emergent challenges" section.

An emphasis needs to be on robust research into the identified vulnerability factors associated with poor outcomes in COVID-19. As patterns emerge, suggesting that high body-mass index and ethnicity may play a role in risk, the question is raised whether the NHS should take more responsibility for the public health of its staff. The impact of COVID-19 infection on surgical outcomes must also be clarified. With a significant backlog of surgical cases, we need data to guide safe management decisions. The effect of delayed clinical assessments and operations will have an effect on patients that, in some cases, will result in preventable harm. A subsequent increase in litigation on account of COVID-19 is expected.

The resolution of services, at a time of limited operating room capacity, and reduced surgical efficiency, is problematic. Utilization of independent sector hospitals for NHS workload will enable increased operative through flow, but will require systematic enhancement of associated support services.

Although there is a great deal of variety between the world\'s differing health care systems, in light of COVID-19, many of the surgical challenges are universal. Each country\'s unique response offers valuable opportunities for learning. In the face of uncertainties, and limited high-level scientific evidence, the surgical profession evolves with the global experience of COVID-19. By summarizing the peer-reviewed literature, and outlining the guidance released from the UK government, the Royal Surgical Colleges, and associated speciality organizations combined with our own working experiences, we aim to offer a view of the pandemic from within the NHS. Undoubtedly, COVID-19 is a defining episode in the history of NHS surgery, and will inform future practice.
